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ABSTRACT 


Archived wind tunnel test data are available for flyback 
booster or other alternate recoverable configurations as well 
as reusable orbiters studied during initial development 
(Phase B) of the Space Shuttle. Considerable wind tunnel 
data was acquired by the competing contractors and the NASA 
centers for an extensive variety of configurations with an 
array of wing and body planforms. 

All contractor and NASA wind tunnel test data acquired in the 
Phase B development have been compiled into a database and 
are available for applying to current winged flyback or 
recoverable booster aerodynamic studies. 


The Space Shuttle Phase B Wind Tunnel Database 
by vehicle component and configuration 
components include the booster, the orbiter 
vehicle. 


is structured 
type. Basic 
and the I aunch 


Booster configuration types include straight and delta wings, 
canard, cylindrical, retro-glide and twin body. 

Orbiter configuration types include straight and delta wings, 
lifting body, drop tanks and double delta wings. 


Launch configuration types include booster and orbiter 
components in various stacked and tandum combinations. 


The digital database consists of 220 files of data containing 
basic tunnel recorded data. Database structure is documented 
in a series of reports which include configuration sketches 
for the various planforms tested. 
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ACRONYMS FOR TEST FACILITIES AND CONTRACTORS 
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I.o INTRODUCTION 


1 Smei Shuttle Development 

Development of the Space T r an spor t a t i on Syatem (STS) 
encompassed the study of a large number of conceptual 
designs and an extensive wind tunnel testing program. 
Phases of the development program are Identified as: 

Phase A - Concept Feasibility Studies - 1969-1970 

Phase B - Preliminary Design Studies - 1970-1972 
Phase C/D - Design and Development - 1972-1983 


During the Phase A and B periods, completely reusable 
system, were studied Including the "flyback” booster. 
However. due to the large cost of the completely 
reusable concept. NASA decided at the end of the Phase 
8 period to employ an expendable booster design. 
Phase C/D design and development was then concentrated 
on a two-stage, pa r a I I e I -bu r n booster system concept. 


I n the development stage (Phase B) of Space Shuttle 
design, extensive wind tunnel data were acquired for a 
variety of alternate configurations. These data were 
accumulated, converted into standard formats, placed in 
• data bank and documented. This work was performed by 
the Chrysler Corporation Military Public Electronic 
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Systems, Michoud Engineering Office under contract to 
NASA/MSFC . 

Developmental configurations considered for early Space 
Shuttle studies were extremely varied. These Included 
winged "flyback boosters," "Inline" staged launch 
vehicles and various "parallel staged" orbiter-booster 
combinations. Wind tunnel models of the various 
vehicles were tested both In the launch and entry 
configurations. Aerodynamics, airloads and heat 

transfer data were collected and c omp i I e d f r om four 
major contractors and parallel NASA directed studies. 
Results were documented individually through a series 
of NASA technical reports, contractor reports and test 
reports. The digital data and associated descriptive 
documentation which were archived have been maintained 
and are available for ongoing applications. 

9u r r e n t advanced launch vehicle studies are focusing on 
many of the approaches considered during original Space 
Shuttle studies. Available wind tunnel data for 

configurations similar to those currently being 
evaluated can be highly valuable to the preliminary 
design engineer. 

The archived Phase B data is available to the technical 
community. Extracts of descriptive Information and 
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configuration sketches, end digital test data have been 
compiled and are reported herein to facilitate use of 
the large data bank for booster, orbiter and launch 
conf igurat ions. 

1 .2 Chrv.lif'i Test Database and Archive Svat.ftlD 

Extensive Chrysler involvement In wind tunnel data 
application on NASA programs prior to the Space Shuttle 
resulted In development of complex computer systems for 
automating these processes. These processes included 
automating the management and database functions In 
addition to automating the engineering data 
applications and computer graphics. These combined 
functions were reflected in the name DAT AM AN . 

The Chrysler developed Data Management System C DATAMAN J 
was used to develop design applicable aerodynamic data, 
generate extensive plots and cross plots, document, and 
database wind tunnel test data from the Space Shuttle 
Phase 8 test program under contract to the NASA/MSFC. 

Chrysler Initiated the DATAMAN project In early 1970 
and continued through both the Phase 6 and Phase C/D 
test programs. Extensive management procedures were 
devised to effectlvley Identify and track the expected 
large volumes of data to be generated by a number of 
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contractors, and a variety of Phase B configurations. 
Hence, a means of conveying descriptive Information 
relative to the configurations and associated data was 
required. 

A four digit report identifier was assigned as initial 
test inputs were made to the DATAMAN system to track 
and report activities on individual tests. For the 
Phase B test program, these identifiers were DMS-DR- 
1001 through DMS-DR-1278. Thus, approximately 278 sets 
of test results were processed, documented, and 
databased. 

The assignment of identifiers was sequential and they 
a r e , t he r e f o r e , chronological throughout the Phase B 
configuration management. Many other identifiers are 
associated with individual tests such as configuration 
type, NASA series number, test facility designations 
and c o n t r a c t o r ( s ) involved. 

Each test was documented in a DATAMAN test data report, 
test data were archived in standard DATAMAN formats, 
and salient tracking information was compiled. All 
these were disseminated to NASA technical and program 
management personnel for technical assessment of the 
data and managing the overall test program. 
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t . 3 Extracting Phase B T eat Database — I P i 9 1 I 9P 

Tha effort Involvad extracting and compiling Phase B 
last data contents and descriptive information from tha 

archived test data bank and documentation file. 

I 

Digital database files contained a mix of basic tunnel 
recorded data and calculated analysis data used for 
graphic displays. These files were reduced to basic 
tunnel data and structured by configuration tested and 
contractor. A series of catalog reports were assembled 
to provide a readily accessible overview of test 
results available for future space transportation 
system studies. 

These catalog reports are in Increasing levels of 
detail. The first level consists of summary tables 
and selected sketches. These enable the user to scan 
for possible applications to his ongoing work. 


For a promising or likely candidate configuration, the 
user can proceed to the second level of detail where 
a il available configuration sketches and test 
conditions are compiled. 

The third level of detail is the digital data files 
where tunnel recorded data resides. 
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2.0 COMPILATION OF PHASE B DATABASE ARCHIVE CONTENTS 


2. 1 Compi lat lon Out I Ine 

Results of the Phase B database compilation are 
contained in the following list. 

1} Summary catalog report, DMS-DR-01, 

containing an overview of database 
contents and availability. 

2) A three volume catalog report, 
DMS-DB-02, containing configuration 
sketches and conditions tested. 

The three volumes correspond to 
booster, orbiter and launch test 
configurations. 

3) A series of magnetic data tapes 

containing available digital files. 
These are also structured by 
configuration and are described In 
transmittal documents DMS-TD-01 
through 03, corresponding to 
booster, orbiter and launch test 
configurations, respectively. 
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4) A directory database Information file 
formatted for the R-base relational 
database system. 

Documentation of the contents of the database Is 
contained In two reportsi DMS-DB-01 and OMS-D0-O2. 

2 . 2 Summary Volume 

The first document CDMS-DB-01) is a single volume 
summary report containing planform line drawings of 
the various configurations tested during the Space 
Shuttle Phase B program. Tabular Information from 

the directory file is Included and Is divided by 
component (booster, orbiter and launch) and by 
test discipline (aerodynamics. airloads and heat 

transfer). 


2 . 3 Model and Test Information 

The second document (DMS-DB-02) is a three volume 
report containing extracts from the Individual test 
data reports. All line drawings and collation 
sheets/run schedules are included. The three volumes 
correspond to the three component classifications! 
booster, orbiter and launch, respectively. A series 
of tabular Information from the directory file provide 
an outline of available test information. 
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Structure of the tables and sketches is by component 
and test discipline with sorting by configuration and 
contractor. Each booster and each orbit er 
configuration tested are assigned a 2-character code 
for purposes of grouping and sorting. 

These codes are 



Code 

General 

Con f iourat ion 

Boos ter 

- B 1 

Canard 


B2 

Cy li nd r i ca 1 


B3 

Delta Wing 


B4 

Straight Wing 


B 5 

Unique 

Or b i ter 

- 01 

Delta Body 


02 

Delta Wing 


03 

Straight Wing 


04 

Unique 


Launch 

configurati 

on s 

tested 

are i den t i f 

i ed 

by a 

c omb i na t 

ion of the 

above 

codes . 

Test information is 

also sorted by 

i n d i v 

i dua 1 

contractors 

and 

NASA 

c e n t e r s . 

Ac ronyms 

for 

these 

contractor. 

and 

test 


facilities are presented in the frontispiece. 


It should be noted that individual tests may be 
identified as multiple configurations. For example, 
booster and orbiter alone data may have been taken 
along with launch configurations in a single test. 
The test would appear in the tabular listings for all 
applicable classifications, but line drawings and run 
schedules would be included only in the launch 
section. Cross references are provided in the Index 
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of Figure* for this case and aleo where multiple 
booster or orbiter configuration code# were involved 
in the same test. 

Directory information displayed in tables 1. 3. ♦ ,n< * 
6 provide information only for the component 
documented in that individual volume. Tables 2 and 5 
display information for all tests and components. An 
outline of the contents of the three volumes is 
illustrated in the Index of Tables. 


2 . 4 D i Q i 


The digital database also follows the structure of 
table 1. Database contents represent data as received 
from the test facility. However. for some tests an 

additional. calculated. coefficient schedule is 
included. These additional schedules are mainly a 

second axis system or extract data from a multi- 
balance test. Individual datasets within a file are 
encoded with the configuration code in the header 

information. 


Test data are stored on five magnetic data tapes. 
These tapes are 9-track, 6250 FPI. ASCII format. 
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File 


contents are: 


Con fig. 


Taoe« 

ComDon e n t 

♦F i lea 

tDatasets 

Codes 

1 

Booster - 

Aerodyntmi c s 

53 

4.216 

B 1 -B5 

2 

0 r b i t e r - 

Aerodynamics 

89 

4.500 

01*02 

3 

Or b i t e r - 

Aerodynami cs 

20 

1 . 962 

03*04 

4 

Launch 

Aerodynami cs 

34 

4 .034 

B1-B3 

5 

Launch 

Aerodynami cs 

1 9 

637 

B4*B5 


- 

A i r loads 

4 

1.182 

ALL 


- 

Heat Transfer 

1 

21 

ALL 



Total 

220 

16.552 



Specific test locations on the digital database are 
s h own in table 6 . 


2 . 5 Directory File 

The directory data file was constructed to assist in 
the categorization of tests and to generate tabular 
reports. 


Information was extracted from existing administrative 
reports and from individual test data reports. The 
file was created using the R-base relational database 
system by Microrim. A description of the table 
information is as follows: 
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Tablu: DM *3- 

OP* 

Pead Patiicward: NO 

MoUif Password ; N( 

Column definitions 

# NlRtt 

T«jp*» 

1 OF:* 

TEXT 

2 CR# 

TEXT 

3 TMX# 

TEXT 

A NSN 

TEXT 

3 «VOL 

TEXT 

6 UOL* 

TEXT 

7 PUG . DATE 

TEXT 

B LINE# 

TEXT 

9 TESTTYPE 

TEXT 

10 COMP 

TEXT 

ii ecc 

TEXT 

12 QCC 

TEXT 

13 B— CODE 

TEXT 

14 0-CONTRA 

TEXT 

IS O-CODE 

TEXT 

16 O -CONTRA 

TEXT 

17 FAC 

TEXT 

13 TUN 

TEXT 

19 TEST* 

TEXT 

20 FAC -T ST* 

TEXT 

21 MACH 

TEXT 

22 SCALE 

TEXT 

23 DMS— CODE 

TEXT 

2 A B— TYPE 

TEXT 

23 O-TYPE 

TEXT 

26 CONFIG 

TEXT 

27 PURPOSE 

TEXT 

23 TITLE 

TEXT 


29 PPO J . ENG TEXT 

30 OMS — ENG TEXT 

31 COMMENTS TEXT 

Current number of 


Length (Characters) 

A 

8 

12 

14 
1 
1 

13 

1 

15 
7 

3 

3 

15 

10 

IS 

10 

s 

6 

IS 

26 

IS 

12 

6 

23 

33 

220 

150 

250 

17S' 

30 

150 


rows : 488 


Description 

DATAMAN Report Number 

Contractor Report Number 

NASA TMX Report Number 

NASA Test Series Number 

Number of Report Volumes 

Report Volume Number 

Report Publication Date 

Print Key for Tabular Report 

Test Discipline 

Test Component 

Booster Configuration Code 

Orbiter Configuration Code 

Booster Classification 

Booster Model Contractor 

Orbiter Classification 

Orbiter Model Comtractor 

Test Facility 

Test Wind Tunnel 

Facility Test Number 

Facility, Tunnel, Facility Test Number 

Mach Number Range 

Model Scale 

Two Character Dataset Identifier 
Booster Configuration Type 
Orbiter Configuration Type 
Description of Configurations Tested 
Major Test Purpose 
Data Report Title 
Contractor/NASA Test Engineers 
DATAMAN Cognizant Engineers 
Directory File Comments/Exceptions 
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2.6 



Users of the Chrysler Phase B database have varying 
levels of detail available for review. A typical 
application is to investigate similarities between 
current preliminary configuration designs and 
configurations tested during Phase B. As an example, 
current applications may be representative of a winged 
flyback booster with canards. To research this 
configuration the user could follow the steps 
illustrated below: 
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Step 2 - 


Table 1. PMS-0B-01. S ummary Report; Using the 

configuration type and contractors Identified 
above . a list of applicable tests Is obtained. 


Table III 

i SJwttle Mete fl HIM T«m»I Tm« 


•tstcfoa aese-eae ssacn 



Mcuiff aoau luti 


■M 

StK ••••»• 

•ts»c l.m 


hoc tea 

SIC •••» 

SMC 

aac « 


caartaMsiitM tutu 


aase abaci awini acean 
matin MOIII* 

■aac aiita mus e eeeeite 




INOEX OF FIGURES 
BOOSTER AERODYNAMICS 


BOOSTER 

CONE 1 G . 

BOOSTER 

PAGE NUMBER 

CODE 

CONTRACTOR OMS-OR • 




















Step 4b- Configuration Sketches . Examine configuration 

•ketches to obtain model and aerodynamic details 
such as model dimensions, wing type, canard 
surfaces, tail surfaces, body shape, etc. 


CSNAI4 MOST CM 
■OAC 

•MIDI It 




GRiG'v'AL PASS IS 

OF i OOk QOALSTY 

ste P 5 “ IgMP 2. DMS-DB-02. Vo I . 1 , Refer to table to 

determine publication availability: data 

report, contractor report or NASA publication. 



Step 6 


Teat Documentation ! Refer 
to obtain test procedures 
data presentation. 


to test 
model 


documen t a t i 
description 



on 

and 
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Step 7 



app I i cat I on . 


e.. Table 2 In DMS-0B-01 (Table 6 in 
the user, after determining 
can access the test data from the 
e files for further analysis and 


TABLE 2.1 


SPACE SHUTTLE PHASE B 
DIGITAL DATABASE 
BOOSTER AERODYNAMICS 















3.0 NOMENCLATURE AND AXIS SYSTEMS 


A standard set of nomenclature and axis systems 
definitions for DATAMAN reports were established 
during the Phase B test period. They were compiled 
from inputs from the various contractors and test 
facilities involved in the test program and are shown 
on the following pages. 

Additions to the standards were required for 
individual tests due to the many configurations 
investigated. These additions are documented in the 
individual test data reports. 

Numerous reference dimensions and moment reference 
center locations were used by the varius contractors 
for the many configurations tested. Model reference 
dimensions and moment center locations for each 
configuration are described in the Individual test 
data reports. This information Is also contained in 
the header block of each dataset on the digital 
database . 
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NOMENCLATURE 

General 


SYMBOL 

SADSAC 

STMBOL 

DEFINITION 

a 


speed of sound; m/sec, ft/sec 

Cp 

CP 

pressure coefficient; (p^ - p«)/q 

M 

MACH 

Mach number; V/a 

P 


pressure; N/m 2 , p6f 

q 

Q(nsm) 

Q(PSF) 

dynamic pressure; l/2pV^ f N/m 2 , psf 

fn/l 

rh/l 

unit Reynolds number; per m, per ft 

V 


velocity; m/aec, ft/aec 

a 

ALPHA 

angle of attack, degrees 

0 

BETA 

angle of sideslip, degrees 

0 

PSI 

angle of yav, degrees 

4 > 

PHI 

angle of roll, degrees 

P 


mass density; kg/m^, slugs/ft 3 



Reference & C.G. Definitions 

Ab 


base area; m^, ft^ 

b 

EREF 

ving span or reference span; m, ft 

c.g. 


center of gravity 

4z? 

c 

IREF 

reference length or ving mean 
aerodynamic chord; m, ft 

S 

SREF 

ving area or reference area; m 2 , ft 2 


MRP 

moment reference point 


XMRP 

moment reference point on X axis 


YMRP 

moment reference point on Y axis 


2MRP 

moment reference point on Z axis 

SUBSCRIPTS 

b 

I 

s 

t 

CD 


base 

local 

6tatlc conditions 
total conditions 
free stream 
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NOMOrCLATURE (Continued) 
Body -Axis System 


SYMBOL 

SADSAC 

SYMBOL 

DEFINITION 

% 

CN 

normal-force coefficient* normal force 

C A 

CA 

qS 

axial-force coefficient; »xl»l force 


CY 

qS 

side -force coefficient* cidc force 

C A b 

CAD 

qS 

bnsc-force coefficient- b:,nf ' force 

r* 

c *r 

CAP 

- A b^b - p»)/qs 

forebody rjxiol. force coefficient, C A - C Afa 


CLM 

pitching-moment coefficient; pitching moment 

Cn 

ON 

REF 

yawing-moment coefficient; yawing moment 

H 

CEL 

qSb 

rolling-moment coeffipiMt.; rolling moment 

C L 

CL 

qSb 

Stability-Axis System 
lift coefficient; 

L'U 

CD 

qS 

drng coefficient; drag 


CDB 

qs 

base-drag coefficient; ba:;e drag 

% 

CDF 

q3 

forcbody drag coefficient; C fJ - C ^ 

c r 

CY 

side-force coefficient* 6 ^ fc force 

On 

CLM 

qS 

Ditching-moment coefficient; pitching moment 

Pn 

CHI 

qS^REF 

yavlnrc-moment coefficient; paving moment 

L 

CCL 

qSb 

rolling -moment coefficient* rolling moment 

l/d 

l/d 

qSb 

lift-to-drog ratio; Cj/C D 
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Positive directions of force coefficients 
moment coefficients, and angles are 
Indicated by arrows. 
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Table 2 - Continued 

pace Shuttle Phase B Wind Tunnel 
Test Database Listed by Chrysler 
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Table 2 - Continued 

Space Shuttle Phase B Wind Tunnel 
Test Oatabase Listed by Chrysler 
DATAMAN Report Number 
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Table 2 - Continued 

Space Shuttle Phase B Wind Tunnel 
Test Database Listed by Chrysler 
DATAMAN Report Number 
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Space Shuttle Phase 8 Wind Tunnel 
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Table 2 - Continued 

pace Shuttle Phase B Wind Tunnel 
Test Database Listed by Chrysler 
DATAMAN Report Number 
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Table 2 - Continued 

Space Shuttle Phase B Wind Tunnel 
Test Database Listed by Chrysler 
DATAMAN Report Number 
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Space Shuttle Phase B Wind Tunnel Test 
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Table 3.2.3 - Concluded 

Space Shuttle Phase B Wind Tunnel Test 
Database Chrysler DATAMAN Report Titles 
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(c) Rooster Nozzle Plats N12 Nozzles 
Figure E.- continued 
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(d) Orbiter Center Line Vertical (V6), Rudder (R6) 
Figure concluded 
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(a) General arrangement 
Figure 2.- Model description. 

Note: All dimensions are model scale in inches. 
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Figure 6. Side and Planview Sketch of the Grunman H-33 Orbiter With Drop Tanks and 
Three Solid Propellant Booster Motors Installed 
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